The quest for the perfect parameter to predict response to cardiac resynchronization therapy (CRT) suffered a major setback when two prospective trials (PROSPECT and ReTHINQ) demonstrated limitations in the potential clinical value of the much-touted tissue Doppler velocity-based criteria. 1, 2 Until then there was a steady stream of 'highly accurate' predictors of response to CRT. 3 -5 Notwithstanding the bevy of potential technical issues plaguing these studies, they did successfully raise serious doubts about how the clinical community and vendors were going about identifying patients likely to respond to CRT. We have always been of the opinion that attempting to solve a complex issue such as predicting response to CRT by means of a single binary parameter, such as tissue Doppler velocity-derived delays, is overly simplistic. For what it is worth, several studies over thousands of patients do indicate some value to testing dyssynchrony using tissue velocities. 6 In a similar vein, our take on PROSPECT and ReTHINQ is that they do not convincingly repudiate the notion that a dyssynchronous heart is more likely to respond to CRT. In that regard it is heartening to see a study examine the value of using multiple parameters to predict response to CRT. Lafitte and colleagues examined parameters of dyssynchrony at multiple functional levels including atrioventricular, interventricular and intraventricular. 7 The strengths of this study include: size (n ¼ 181), multicentre design, all patients fulfilled standard clinical criteria for CRT (New York Heart Association class II -IV, ejection fraction ,35%, and QRS width .120 ms) and a large proportion of 'responders' to CRT (57%). The authors used a relatively well-validated index of response, namely a 15% decrease in left ventricular endsystolic volume. Feasibility of measurement was high (80%) at acceptable variability of 9%. The primary incremental finding of this study is that false-positive predictive rates decreased from 14% when using one parameter to 1% when using four parameters. Using 3 parameters resulted in a specificity .90% and a positive predictive value of .65%. Only 4% of patients with no positive criteria responded to CRT. Lastly, the authors noted a relationship between reverse remodelling and number of parameters found to be positive, i.e. patients with more dyssynchrony demonstrated more pronounced reverse remodelling after CRT. These strengths are tempered by a number of limitations. This is an observational study. Whether this study cohort is representative of the general population or the population enrolled in the large CRT trials is unclear. Non-responder rates were somewhat higher than those previously reported (50% vs. 30%, respectively). 8, 9 The proportion of patients with 3 echocardiographic parameters was low. Sensitivity rates were low. Some of the parameters in their algorithm, such as septal to posterior wall motion delay by M-mode, may be challenging to obtain and may be ineffectual in an infarct population. Other parameters, such as systo-diastolic overlap, are ill defined and not well validated. The authors also use tissue velocity-based indices that have been much maligned (with or without good cause) after PROSPECT. Indeed, some work suggests even visual assessment of dyssynchrony is superior to tissue velocity-based analysis. 10 Other echocardiographic parameters such as severity of mitral regurgitation, global diastolic function, or regional diastolic dyssynchrony were not assessed. This paper also does not inform the readers as to whether the parameters tested provide independent and/or incremental value over each other. It may be more informative to test multiple independent parameters of dyssynchrony. Atrioventricular delay is optimized using an unconventional and unvalidated method. The value of strain is not evaluated, although there is recent and increasing evidence that regional strain may be superior to tissue velocity in assessing dyssynchrony. 10, 11 This study is rather echo-centric; however, the general concept of more is better can be extended to be more patient-centric. The authors indicate that ischaemic heart disease and shorter QRS duration were more likely to be associated with lack of response to CRT. Yet they did not include these or other previously described parameters in their multiple parameter model to improve response to CRT. The authors nudge the concept of the multiparametric approach but restrict themselves to echo parameters.
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We fully endorse a patient-centric, multiparametric approach to assessing likelihood of response to CRT. Such an approach would take into consideration several factors with potential influence on the outcome post-CRT. We summarize our proposal in Figure 1 . This approach is based on our premise that response to CRT is not a dichotomous phenomenon although almost all echo-based publications to date seem to treat it as such. Instead we suggest that the likelihood of response to CRT is a continuum that ranges from a low likelihood of response to a high likelihood of response to CRT. Such a model would take into consideration a multitude of clinical, electrocardiographic, echocardiographic, electrophysiological, and haemodynamic parameters. These parameters would be classified into salutary and adverse, with the notion that a preponderance of salutary factors or the absence of adverse factors would trend the patient towards the 'high likelihood of response' end of the continuum, while the converse, i.e. several adverse elements and few salutary factors, would put the patient at the 'low likelihood of response' end of the spectrum.
In such an analysis, presence or absence of mechanical dyssynchrony would be important but not the sole parameter of interest. The presence of significant dyssynchrony in the setting of a large scar burden may be clinically meaningless. Similarly, borderline or no dyssynchrony by current criteria may not fully rule out the likelihood of response, particularly in the presence of several other factors indicating a high likelihood of response. Lafitte and colleagues used a specific conglomeration of dyssynchrony factors. 7 Despite the seemingly large population there are not enough patients and endpoints to assess these parameters adequately and rigorously. There may be several other parameters not tested in this study that may prove to be superior indicators of mechanical dyssynchrony at least for the purpose of prediction of response to CRT. The recent trend, at least among published papers, suggesting strain-based indices have some value, should prompt us to consider adding strain analysis to the assessment of dyssynchrony. 10, 11 Although the focus has generally been on displacement and deformational indices of dyssynchrony, three-dimensional echocardiographybased assessment of regional volumetric changes may also be of value. 12 Lafitte et al. do not test or discuss the rationale or potential inaccuracies of tissue velocity analysis except to say that they had better reproducibility. Is that because observers at all institutions measured the same peak but that particular peak has nothing to do with regional mechanics? A degree of concordance among observers does not always imply that they are all measuring the correct mechanical phenomenon. What peak to measure and when in the cardiac cycle will probably need more sophisticated physiological studies. We have previously suggested that noisy or unreliable signals should not be used for analysis of dyssynchrony. 13 Taking a highly contrarian view, one could suggest that this study has very limited value since almost all patients fulfilled clinical criteria justifying CRT, namely heart failure symptoms, low ejection fraction, and prolonged QRS duration. One could argue that this particular population may not need additional analysis prior to proceeding to CRT. In this regard it would have been more informative if the authors had tested their criteria on patients with borderline criteria, in particular those with narrow QRS complexes, i.e. the ReTHINQ population.
Lastly, how would we use this study in routine clinical practice? The only way for the general community to know how this multiparametric approach works is actually to test it. We hope to implement it in our patients to ascertain feasibility and efficacy in our population. We agree with the authors that a larger study would offer more rigorous evaluation of this approach. However, their current study does point us in a new, and hopefully, more effective direction with regards to predicting response to CRT. Figure 1 . Likelihood of response to CRT is a continuum ranging from absent or low to high. Factors that probably indicate a low likelihood of response to CRT include, but may not be limited to, ischaemic aetiology, narrow QRS complex, and absence of mechanical dyssynchrony by one or many methods. Conversely, a non-ischaemic aetiology, wide QRS complex, and presence of dyssynchrony may suggest a higher likelihood of response to CRT. EF, ejection fraction; CMR, cardiac magnetic resonance; 3D, three dimensional echocardiography.
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